Speaker Identification in Whisper by Smith, India et al.
This is a repository copy of Speaker Identification in Whisper.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/134916/
Version: Published Version
Article:
Smith, India, Foulkes, Paul orcid.org/0000-0001-9481-1004 and Soskuthy, Marton (2017) 
Speaker Identification in Whisper. Revista Letras de Hoje. pp. 5-14. ISSN 1984-7726 
10.15448/1984-7726.2017.1.26659
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
LETRAS DE HOJE LETRAS DE HOJE LETRAS DE HOJE LETRAS DE HOJE LETRAS DE HOJE LETRAS DE HOJE LETRAS DE HOJE

Letras de Hoje, Porto Alegre, v. 52, n. 1, p. 5-14, jan.-mar. 2017
Este artigo está licenciado sob forma de uma licença Creative Commons Atribuição 4.0 Internacional,
que permite uso irrestrito, distribuição e reprodução em qualquer meio, desde que a publicação  
original seja corretamente citada.  http://creativecommons.org/licenses/by/4.0/deed.pt_BR
 http://dx.doi.org/10.15448/1984-7726.2017.1.26659
6SHDNHU,GHQWL¿FDWLRQLQ:KLVSHU1
,GHQWL¿FDomRGHIDODQWHDSDUWLUGHIDODVXVVXUUDGD
India Smith 
3DXO)RXONHV 
0iUWRQ6yVNXWK\
8QLYHUVLW\RI<RUN±<RUN±<RUNVKLUH±8QLWHG.LQJGRP
Abstract: 6RFLRSKRQHWLFPHWKRGVDQG¿QGLQJVKDYHYDOXH LQDSSOLFDWLRQ WR UHDOOLIH LVVXHV
LQFOXGLQJSURYLGLQJH[SHUWIRUHQVLFHYLGHQFHLQOHJDOFDVHV)RUHQVLFFDVHVRIWHQLQYROYHYRLFHV
ZKLFKGLIIHUPDUNHGO\IURPWKRVHW\SLFDOO\HQFRXQWHUHGLQODERUDWRU\RU¿HOGVWXGLHV:HDVVHVV
WKHDELOLW\RISHRSOHWRLGHQWLI\IDPLOLDUYRLFHVSURGXFHGLQZKLVSHUDFRPPRQO\XVHGIRUP
RIGLVJXLVH0HPEHUVRIDSUHH[LVWLQJVRFLDOQHWZRUNZHUHUHFRUGHGVSHDNLQJQRUPDOO\DQG
LQZKLVSHU6SHDNHUVIRXQGLWGLI¿FXOWWRPDLQWDLQZKLVSHUEH\RQGVHFRQGV7KH\DQGRWKHU
PHPEHUV RI WKH JURXS OLVWHQHG WR H[WUDFWV WKDW ZHUH L VKRUW DQG ZKLVSHUHG LL ORQJ DQG
ZKLVSHUHGDQGLLLVKRUWDQGQRUPDOQRQZKLVSHUHG)RLOVZHUHDOVRLQFOXGHG3HUIRUPDQFH
ZDVZHOODERYHFKDQFHDQGLPSURYHGVLJQL¿FDQWO\LQFRQGLWLRQVLLDQGLLL'LIIHUHQFHVZHUH
IRXQGDFURVVOLVWHQHUVDQGYRLFHV7KHVWXG\HPSKDVLVHVKRZLPSRUWDQWLVLWQRWWRRYHUJHQHUDOLVH
IURPH[SHULPHQWDOGDWDWRDZLWQHVV¶VDELOLW\XQGHUIRUHQVLFFRQGLWLRQV
Keywords:6RFLRSKRQHWLFV)RUHQVLFSKRQHWLFV:KLVSHU
Resumo: 2V PpWRGRV H DFKDGRV VRFLRIRQpWLFRV VmR YDOLRVRV SDUD DSOLFDomR D TXHVW}HV GD
YLGD UHDO FRPR QR IRUQHFLPHQWR GH HYLGrQFLD IRUHQVH SHULFLDO HP FDVRV OHJDLV 2V FDVRV
IRUHQVHV HQYROYHP YR]HV TXH VH GLIHUHP PDUFDGDPHQWH GDTXHODV WLSLFDPHQWH HQFRQWUDGDV
HPODERUDWyULRRXHVWXGRVGHFDPSR$YDOLDPRVDKDELOLGDGHGHSHVVRDVGHLGHQWL¿FDUYR]HV
IDPLOLDUHVSURGX]LGDVGHIRUPDVXVVXUUDGDXPDHVWUDWpJLDGHGLVIDUFHFRPXPHQWHXWLOL]DGD
0HPEURVGHXPDUHGHVRFLDOSUpH[LVWHQWHIRUDPJUDYDGRVIDODQGRQRUPDOPHQWHHGHIRUPD
VXVVXUUDGD2VIDODQWHVFRQVLGHUDUDPGLItFLOPDQWHURVXVVXUURSRUPDLVGRTXHVHJXQGRV
(VVHVIDODQWHVHRXWURVPHPEURVGRJUXSRRXYLUDPWUHFKRVTXHIRUDPLFXUWRVHVXVVXUUDGRV
LLORQJRVHVXVVXUUDGRVHLLLFXUWRVHQRUPDLVQmRVXVVXUUDGRV'LVWUDWRUHVIRUDPLQFOXtGRV
$SHUIRUPDQFHIRLEHPDFLPDGRDFDVRHPHOKRURXVLJQL¿FDWLYDPHQWHQDVFRQGLo}HVLLHLLL
'LIHUHQoDVIRUDPHQFRQWUDGDVHQWUHIDODQWHVHYR]HV2HVWXGRHQIDWL]DRTXDQWRpLPSRUWDQWH
QmRVXSHUJHQHUDOL]DUDSDUWLUGHGDGRVH[SHULPHQWDLVTXDQWRjKDELOLGDGHGDWHVWHPXQKDVRE
FRQGLo}HVIRUHQVHV
Palavras-chave:6RFLRIRQpWLFD)RQpWLFD)RUHQVH6XVVXUUR
1
1 Introduction: applications of  
 sociophonetics in the forensic domain
6RFLRSKRQHWLFVEHJDWE\WKHXQLRQRIVRFLROLQJXLVWLFV
DQGSKRQHWLFVLVDVXE¿HOGRIOLQJXLVWLFVHPHUJLQJIURP
LWVDGROHVFHQFH:KLOHKHDYLO\LQÀXHQFHGE\LWVKHULWDJH 
 
1 Acknowledgments::HUHFRUGRXUWKDQNVWRWKHSDUWLFLSDQWVIRUWDNLQJ
SDUWLQWKLVVWXG\DQGIRUDOORZLQJXVHWRXVHWKHZRUNSUHPLVHVWRFDUU\
RXWUHFRUGLQJV:HDUHDOVRJUDWHIXOWR&ROOHHQ.DYDQDJKDQRQ\PRXV
UHYLHZHUV DQG FROOHDJXHV DW WKH  ,$)3$ FRQIHUHQFH KHOG LQ
&DPEULGJH8.IRUIHHGEDFNRQHDUOLHUYHUVLRQVRIWKHZRUN
OLNHPRVWDGROHVFHQWVLWLVQRZ¿QGLQJLWVRZQLGHQWLW\DQG 
FKDOOHQJLQJLWVSDUHQWV6RFLRSKRQHWLFVVHHNVWRREVHUYH
DQGH[SODLQ WKHYDVW UDQJHRI µ¿QHSKRQHWLFGHWDLO¶ WKDW
SHRSOHSURGXFHDQGXQGHUVWDQGLQWKHIXOOUDQJHRIVRFLDO
FRQWH[WVLQZKLFKVSHHFKLVXVHG6SHDNLQJDQGOLVWHQLQJ
DUHHPSKDVLVHGDVFROODERUDWLYHDQGJRDOGULYHQKXPDQ
DFWLYLWLHV LQWHUZRYHQ ZLWK RWKHU PRGHV RI EHKDYLRXU
LQFOXGLQJ SK\VLFDO JHVWXUH7KH ULFK GDWD VHW SURYLGHG
E\ VRFLRSKRQHWLF VWXGLHV SURYLGHV UREXVW FKDOOHQJHV
WR WKHRUHWLFDO PRGHOV EDVHG RQ LGHDOLVHG K\SRWKHVLVHG
RU H[SHULPHQWDOO\FRQWUROOHG GDWD $V D FRQVHTXHQFH
6 6PLWK,)RXONHV36yVNXWK\0
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ZH DUH QRZ GHYHORSLQJ WKHRUHWLFDO PRGHOV RI VSHHFK
SURGXFWLRQSHUFHSWLRQDQGSKRQRORJLFDOUHSUHVHQWDWLRQ
WKDWDUHLQVRPHZD\VUDGLFDOO\GLIIHUHQWIURPWKRVHLQWKH
VWUXFWXUDOLVWJHQHUDWLYHWUDGLWLRQ)28/.(66&2%%,(
	:$77'2&+(57<	0(1'2=$'(1721
)28/.(6	+$<
2QHSDUWLFXODU URXWHE\ZKLFK VRFLRSKRQHWLFZRUN
GHSDUWVIURPWKHPDLQVWUHDPLVWKURXJKLWVDSSOLFDWLRQWR
IRUHQVLF SKRQHWLF FDVHV LH OHJDO FDVHV ZKHUH DQDO\VLV
RI VSHHFK LV SURGXFHG DV HYLGHQFH 6XFK DQDO\VLV PD\
EH FDOOHG IRU XQGHU YDULRXV FLUFXPVWDQFHV DQG IRU
YDULRXV UHDVRQV )28/.(6 	 )5(1&+  0RVW
IUHTXHQWLVWKHFRPSDULVRQRIDYRLFHUHFRUGHGGXULQJWKH
FRPPLVVLRQRIDFULPHHJDWKUHDWHQLQJSKRQHFDOORU
NLGQDSGHPDQGZLWKWKDWRIDVXVSHFWDFFXVHGRIKDYLQJ
FRPPLWWHG WKDW FULPH 6RFLRSKRQHWLF GHWDLOV PD\ RIIHU
FUXFLDO KHOS LQ VXFK FDVHV IRU H[DPSOH WR GHPRQVWUDWH
VLPLODULW\ RU GLIIHUHQFH LQ WKH UHJLRQDO DFFHQW EHLQJ
VSRNHQ
,QWKHDQDO\VLVRIIRUHQVLFFDVHVZHDUHRIWHQDVNHG
WRDSSO\WKHSULQFLSOHVDQGPHWKRGVRIVRFLRSKRQHWLFVWR
YRLFHVUHFRUGHGRUKHDUGLQXQXVXDOFLUFXPVWDQFHVTXLWH
GLIIHUHQWIURPWKHW\SHVRIZRUNW\SLFDOO\FRQGXFWHGLQ
WKHODERUDWRU\RUWKH¿HOG,QWKLVZD\ZHJDLQLQVLJKWV
LQWR VSHDNLQJ DQG OLVWHQLQJ WRZDUGV WKH SHULSKHULHV
RI KXPDQ H[SHULHQFH )RU H[DPSOH WKH VSHHFK WR EH
DQDO\VHG PD\ LQYROYH LQWR[LFDWLRQ E\ DOFRKRO RU GUXJV
&+,1	3,621,3$33DQGRUKHLJKWHQHG
HPRWLRQV LQFOXGLQJ VHYHUHGLVWUHVV 52%(576
)XUWKHUPRUH WKH UHFRUGLQJV RI WKH FULPH DQG VXVSHFW
PLJKWEHVHSDUDWHGE\PDQ\\HDUVDQGWKHDQDO\VLVKDV
WR WDNH LQWR DFFRXQW SURFHVVHV RI DJHLQJ RQ WKH YRLFH
VHH5+2'(6DQGIRUDQDFFRXQWRIDUHDOFDVH
)5(1&++$55,621	:,1'625/(:,6
2WKHU W\SHV RI IRUHQVLF FDVH LQYROYH ZLWQHVVHV WR
DFULPHZKRVHPHPRU\RIDYRLFHRUWKHZRUGVVSRNHQ
PLJKW SURYLGH FULWLFDO HYLGHQFH ,Q VXFK FDVHV WKHUH
LV XVXDOO\ QR UHFRUGLQJ RI WKH YRLFH LQ TXHVWLRQ 7KH
VRFLRSKRQHWLFLDQ¶V UROHPLJKWEH WRFRQVWUXFWRUYHWD
WHVWRIWKHZLWQHVV¶VUHFDOORIWKHYRLFH12/$1
([SHULPHQWDO UHVHDUFK LQ WKLV GRPDLQ KDV VKRZQ WKDW
ZLWQHVVSHUIRUPDQFHFDQEHDIIHFWHGE\PDQ\IDFWRUVVHH
WKHUHYLHZE\%8//	&/,))25'7KHVHLQFOXGH
ZKHWKHUWKHYRLFHZDVHQFRXQWHUHGLQGLUHFWLQWHUDFWLRQ
RU KHDUGSDVVLYHO\ +$00(56/(<	5($'
WKH OHQJWK RI WKH VDPSOHV KHDUG /$'()2*(' 	
/$'()2*(' WKH WLPHGHOD\EHWZHHQRULJLQDO
H[SRVXUHDQGVXEVHTXHQWWHVWLQJ0&*(+((WKH
GHJUHHRIIDPLOLDULW\RIWKHYRLFH+2//,(1HWDO
DQGZKHWKHUDQGKRZLWZDVGLVJXLVHG+2//,(1HWDO
),*8(,5('2	'(628=$%5,772
2XU IRFXV LQ WKLV VWXG\ LV WKH HIIHFW RI ZKLVSHU
RQ WKH DELOLW\ RI SHRSOH WR LGHQWLI\ IDPLOLDU YRLFHV
:KLVSHULVDFRPPRQO\XVHGIRUPRIGLVJXLVHPDVNLQJ
WKH YRLFH E\ UHPRYLQJ IXQGDPHQWDO IUHTXHQF\ I RU
SLWFK 1RQHWKHOHVV ZKLVSHU KDV UDUHO\ EHHQ DGGUHVVHG
LQH[SHULPHQWDOZRUNHVSHFLDOO\ZLWKDIRUHQVLFLQWHUHVW
:HWXUQLQWKHQH[WVHFWLRQWRDEULHIUHYLHZRIUHVHDUFK
RQ ZKLVSHU EHIRUH GHVFULELQJ RXU VWXG\ LQ VHFWLRQV 
PHWKRGVDQGUHVXOWV:HFRQFOXGHVHFWLRQZLWK
DGLVFXVVLRQRIWKHUHVXOWVUHODWLYHWRSUHYLRXVZRUNDQG
ZLWKVRPHFRPPHQWVRQWKHIRUHQVLFYDOXHRIWKHZRUN
2 Whisper
,QZKLVSHU SXOPRQLF DLUÀRZFUHDWHV WXUEXOHQFH DW
WKHRSHQEXWQDUURZHGJORWWLV,WLVRIWHQJHQHUDWHGZLWK
DSRVWHULRUWULDQJXODURSHQLQJRIWKHJORWWLVDQGZLWKWKH
DQWHULRU SRUWLRQ DGGXFWHG DOWKRXJK WKH JORWWLV PD\ EH
QDUURZHGDFURVVPRVWRUDOORILWVOHQJWK/$9(5
S/$9(5S)URP05,GDWD7VXQRGD
HWDOVXJJHVWWKDWVXSUDODU\QJHDOVWUXFWXUHVPD\
EH ORZHUHG WR FRQWDFW WKHYRFDO IROGV DQG WKXVSUHYHQW
SKRQDWLRQ GXULQJ ZKLVSHU 7KH SK\VLRORJLFDO DQG
DHURG\QDPLFEDVHVRIZKLVSHU DUH IXUWKHUGLVFXVVHGE\
HJ6XQGEHUJHWDODQG*LFN:LOVRQ	'HUULFN
7KHDFRXVWLFHIIHFWVRIZKLVSHUDUHGRFXPHQWHG
E\6FKZDUW].DOODLO	(PDQXHODE
DQG 6ZHUGOLQ HW DO  1RW VXUSULVLQJO\ ZKLVSHU
LPSDLUV VSHHFK SHUFHSWLRQ DOWKRXJK PRVW VWXGLHV KDYH
EHHQ OLPLWHG WR LQYHVWLJDWLRQ RI LQGLYLGXDO VHJPHQWV
HJ67850	-$.,0,.7$577(5,Q
DXWRPDWLF VSHHFKVSHDNHU UHFRJQLWLRQ $65 V\VWHPV
KDYHEHHQGHYHORSHGIRUDXWRPDWLFGHWHFWLRQRIZKLVSHU
=+$1*	+$16(1DQGWRUHFRQVWUXFWZKLVSHU
DVSKRQDWHGVSHHFK$+0$',HWDO
)URP WKH IRUHQVLF SHUVSHFWLYH ZKLVSHU LV RQH RI
WKH HDVLHVW ZD\V WR GLVJXLVH WKH YRLFH 25&+$5' 	
<$50(<DQGVRLVIUHTXHQWO\UHSRUWHGLQIRUHQVLF
FDVHV 0$67+2)).h1=(/<$50(<
HW DO  S +RZHYHU UHODWLYHO\ OLWWOH UHVHDUFK
KDVEHHQFRQGXFWHGRQWKHHIIHFWVRIZKLVSHURQVSHDNHU
LGHQWL¿FDWLRQ3ROODFN3LFNHWW	6XPE\ S
FRQFOXGH WKDW OLVWHQHUVQHHG WKUHH WLPHV WKHGXUDWLRQRI
ZKLVSHUWRUHDFKWKHVDPHOHYHORISHUIRUPDQFHLQVSHDNHU
LGHQWL¿FDWLRQDVZLWKQRUPDOVSHHFK,QDIRUFHGFKRLFH
WHVWH[DPLQLQJSDLUVRIYRLFHVDPSOHV%DUWOH	'HOOZR
VKRZWKDWSKRQHWLFLDQVSHUIRUPEHWWHUDQGPRUH
FDXWLRXVO\WKDQOD\OLQJXLVWLFDOO\XQWUDLQHGOLVWHQHUVLQ
MXGJLQJZKLVSHUHGVDPSOHV
7KHODUJHVWH[SHULPHQWDOLQYHVWLJDWLRQRIZKLVSHULV
WKDWE\<DUPH\HWDOZKRFRQGXFWHGRSHQVSHDNHU
LGHQWL¿FDWLRQ WHVWV ZLWK D ODUJH JURXS RI OD\ OLVWHQHUV
H[SRVHGWRYRLFHVRIYDU\LQJGHJUHHVRIIDPLOLDULW\DQG
ZLWK VDPSOHV RI LQFUHDVLQJ OHQJWKV IURP WKH VLQJOH
ZRUGhelloWRWZRPLQXWHVRIVSRQWDQHRXVVSHHFK7KH\
6SHDNHU,GHQWL¿FDWLRQLQ:KLVSHU 7
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UHSRUWVHYHUHO\GHJUDGHGSHUIRUPDQFHLQWDVNVLQYROYLQJ
ZKLVSHUEXWEHWWHURYHUDOOLGHQWL¿FDWLRQUDWHVZLWKPRUH
IDPLOLDUYRLFHVDQGZLWKORQJHUVDPSOHV/LVWHQHUVJDYH
FRUUHFWUHVSRQVHVRYHUDOOZLWKWZRPLQXWHVDPSOHV
7KH\DOVRREVHUYHGDYHU\KLJKUDWHRIIDOVHKLWVLHYRLFH
VDPSOHV ZURQJO\ DWWULEXWHG WR RWKHU NQRZQ VSHDNHUV
7KHHIIHFWVRIZKLVSHUKDYHDOVREHHQH[SORUHGLQ$65
ZLWKVHULRXVRUHYHQFDWDVWURSKLFHIIHFWVUHSRUWHGRQWKH
VXFFHVVRI$65V\VWHPV$/(;$1'(5=+$1*
	7$1$OWKRXJKVSHDNHULGHQWLW\PD\EHGLI¿FXOW
WRMXGJHVSHDNHUVH[DSSHDUVUHODWLYHO\HDV\HYHQZLWK
YHU\VKRUWVDPSOHV6FKZDUW]	5LQHUHSRUW
DFFXUDF\ZLWKVHFRQGLVRODWHGYRZHOVZKLOH/DVVHWDO
REWDLQHGDFFXUDF\ZLWKHYHQVKRUWHUYRZHOV
 VHFRQGV7KLV HIIHFW LV UHDGLO\H[SODLQHGZKLVSHU
PDLQWDLQV WKHRYHUDOODFRXVWLFHIIHFWVRI WKHYRFDO WUDFW
WUDQVIHUIXQFWLRQUHÀHFWLQJWKHODUJHGLIIHUHQFHVLQYRFDO
WUDFWVL]HWKDWVHSDUDWHPDOHDQGIHPDOHYRLFHV12/$1
7KHVHGLIIHUHQFHVDUHSHUFHSWLEOH WKURXJKYRZHO
IRUPDQWSDWWHUQLQJ
:HQRZWXUQWRWKHH[SHULPHQWZHFRQGXFWHG7KH
UDWLRQDOHIRUWKHVWXG\ZDVSULPDULO\WRH[WHQGWKHYHU\
OLPLWHGVHWRIH[SHULPHQWDOUHVHDUFKRQYRLFHGLVJXLVHLQ
JHQHUDO DQGZKLVSHU LQSDUWLFXODU2XUDLPZDV WR WHVW
WKHFRQFOXVLRQVRI<DUPH\HWDOXVLQJDGLIIHUHQW
H[SHULPHQWDO GHVLJQ DQG DOVR WR H[SORUH IXUWKHU WKH
YDULDELOLW\LQWKHSUHGLFWHGUHVXOWV<DUPH\HWDOXVHG
DEHWZHHQVXEMHFWVGHVLJQFRPSDULQJWKHSHUIRUPDQFHRI
WZRJURXSVRIOLVWHQHUVZKRKHDUGHLWKHUQRUPDOVSHHFK
RUZKLVSHUHGVSHHFK,QRXUVWXG\WKHVDPHJURXSKHDU
ERWK7KHVXEMHFWSRRO LQ WKH<DUPH\HWDO H[SHULPHQW
ZDV ODUJH DQG GLYHUVH DQG WKH GHJUHH RI IDPLOLDULW\
ZLWK WKH YRLFHV XVHG ZDV FODVVL¿HG LPSUHVVLRQLVWLFDOO\
E\VHOIUHSRUW:HFRQWUDVWWKLVDSSURDFKE\IRFXVLQJRQ
D FRQVLGHUDEO\ VPDOOHU EXW VRFLDOO\ FRKHUHQW JURXS RI
SDUWLFLSDQWV7KLVHQDEOHVXVWRFRQVLGHUPRUHFDUHIXOO\
WKH VRFLDO FRQQHFWLRQV EHWZHHQ WKHP DQG SRWHQWLDO
UHDVRQVIRUYDULDWLRQLQWKHLUSHUIRUPDQFHLQWKHVSHDNHU
LGHQWL¿FDWLRQWHVWV)LQDOO\E\XVLQJ%ULWLVKSDUWLFLSDQWV
ZKRVH UHJLRQDO DFFHQWV VKRZPDUNHGGLYHUVLW\ZHFDQ
H[SORUH ZKHWKHU VRFLRSKRQHWLF VSHFL¿FDOO\ UHJLRQDO
DFFHQW FXHV DVVLVW LQ WKH LGHQWL¿FDWLRQ SURFHVV 7KH
GHWDLOVRI WKHH[SHULPHQWDUHGHVFULEHGLQIXUWKHUGHWDLO
LQWKHQH[WVHFWLRQ
3  Method
3.1  Design
7KHVWXG\IROORZHG WKHJHQHUDOGHVLJQRISUHYLRXV
LQYHVWLJDWLRQV RI VSHDNHU LGHQWL¿FDWLRQ E\ OD\ SHRSOH
/$'()2*('	/$'()2*('<$50(<HWDO
 )28/.(6 	 %$5521  %/$7&+)25'
	)28/.(6$SUHH[LVWLQJVRFLDOQHWZRUNZDV
FKRVHQIRU WKHVWXG\HOHYHQZRPHQLQFOXGLQJWKH¿UVW
DXWKRUZKRZRUNHGWRJHWKHUDWDFRVPHWLFVVWRUHLQ<RUN
+HQFHIRUWK ZH UHIHU WR WKHP DV µWKH JURXS¶7KH\ KDG
NQRZQHDFKRWKHUWKURXJKZRUNDQGVRFLDODFWLYLWLHVIRU
EHWZHHQHLJKWPRQWKVDQGIRXU\HDUV7KH\ZHUHQRWSDLG
IRU WKHLU SDUWLFLSDWLRQ 0HPEHUV RI WKH JURXS DFWHG DV
ERWKVSHDNHUVDQGOLVWHQHUVDVH[SODLQHGEHORZ
:RUNLQJ ZLWK D SUHH[LVWLQJ QHWZRUN KDV ERWK
GLVDGYDQWDJHV DQG DGYDQWDJHV 2Q WKH RQH KDQG ZH
FDQQRWFRQWUROIRURUTXDQWLI\WKHGHJUHHRIIDPLOLDULW\RI
WKHSDUWLFLSDQWVZLWKHDFKYRLFHDOWKRXJK WKLVSUREOHP
LV OHVVPDUNHG WKDQ LQH[SHULPHQWV LQYROYLQJ ODUJHDQG
GLYHUVH JURXSV RI SDUWLFLSDQWV :H ZHUH QHYHUWKHOHVV
VDWLV¿HGWKDWDOOPHPEHUVRIWKHJURXSNQHZHDFKRWKHU
ZHOOHQRXJKWKDWWKH\ZHUHKLJKO\IDPLOLDUZLWKWKHYRLFHV
XVHG LQ WKHH[SHULPHQW2Q WKHRWKHUKDQG DQH[LVWLQJ
VRFLDOJURXSHQDEOHVXVWRWHVWYRLFHLGHQWL¿FDWLRQVNLOOV
LQ DQ HFRORJLFDOO\YDOLG FRQWH[W7KH DOWHUQDWLYHZRXOG
EH WR WUDLQ D JURXS RI SDUWLFLSDQWV ZLWK D VHW RI QRYHO
YRLFHVWKURXJKH[SHULPHQWDOPDWHULDOVVHHHJ&/$5.
	)28/.(6IRUDVLPLODUVWXG\ZLWKDUWL¿FLDOO\
GLVJXLVHG YRLFHV ,W LV XQFOHDU ZKHWKHU PHPRU\ RI D
YRLFH DFTXLUHG LQ DUWL¿FLDO VHWWLQJV DQG WKH DELOLW\ WR
LGHQWLI\ WKDW YRLFH LQ VXEVHTXHQW H[SHULPHQWV PLUURUV
WKHVHSURFHVVHV LQUHDO OLIH FI9$1/$1&.(5HWDO
 ZKR VXJJHVW WKDW IDPLOLDU DQG XQIDPLOLDU YRLFHV
DUHUHFRJQLVHGWKURXJKGLIIHUHQWFRJQLWLYHSURFHVVHV,W
VKRXOGDOVREHERUQHLQPLQGWKDWIRUVRPHW\SHVRIFULPH
WKHPDMRULW\RILQFLGHQWVDUHFRPPLWWHGE\SHUSHWUDWRUV
NQRZQWRWKHYLFWLP
3.2  Voice recordings
6L[RI WKHZRPHQLQFOXGLQJWKH¿UVWDXWKRUZHUH
UHFRUGHG UHDGLQJ D VHW RI VWLPXOL ERWK LQ QRUPDO YRLFH
DQGZKLVSHU7KUHHIRLOVZHUHDOVRUHFRUGHGLHSHRSOH
XQNQRZQWRPHPEHUVRIWKHJURXS7ZRRIWKHIRLOVZHUH
ZRPHQWKHWKLUGDPDQ7KHPDOHYRLFHZDVLQFOXGHGDV
DUHIHUHQFHSRLQWDJDLQVWZKLFKWRMXGJHRWKHUVWLPXOLDV
LWZDVSUHGLFWHGWREHHDV\IRUWKHSDUWLFLSDQWVWRUHMHFWDV
DPHPEHURIWKHDOOIHPDOHJURXS$OOSDUWLFLSDQWVZHUH
DJHGEHWZHHQDQG7KHVSHDNHUV¶UHJLRQDORULJLQV
DQGNH\DFFHQWIHDWXUHVDUHVXPPDULVHGLQ7DEOH
%ULWLVKGLDOHFWVDUHYHU\GLYHUVH VHHHJ:(//6
 DQG ZH SURYLGH KHUH RQO\ EULHI FRPPHQWV RQ D
VPDOOVHWRIIHDWXUHVZHOONQRZQWRW\SLI\WKHVHDFFHQWV
DQGWRZKLFKZHH[SHFWHGOLVWHQHUVWREHVHQVLWLYH7KUHH
DFFHQW GLIIHUHQFHV DUH SDUWLFXODUO\ VDOLHQW LQ WKH 8.
)LUVWDFFHQWVRIQRUWKHUQ(QJODQGGLIIHUIURPWKRVHLQWKH
VRXWKE\YLUWXHRIQRWFRQWUDVWLQJWKHYRZHOVRIWKHFOOT 
and STRUTOH[LFDOVHWVXVLQJWKHIUDPHZRUNGHYLVHGE\
:(//6 7KDW LV look and luck ZKLFK FRQWUDVW
LQVRXWKHUQDQGVWDQGDUGDFFHQWVO㷚NYHUVXVOⓞNDUH
8 6PLWK,)RXONHV36yVNXWK\0
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KRPRSKRQHVLQWKHQRUWKERWKDUHO㷚N7KHFRQWUDVWLYH
SDWWHUQLVDOVRIRXQGLQ6FRWODQGDQGWKHVWDQGDUGDFFHQW
6HFRQGLQQRUWKHUQ(QJODQGBATHZRUGVKDYHVKRUWD
DQGWKXVSDWWHUQZLWKTRAPZRUGVpassSDV§gasJDV
ZKHUHDVLQWKHVRXWKDQGVWDQGDUGDFFHQWBATHKDVORQJ
Ⓤⓣ MXVWDV LQPALM/START pass SⓊⓣV§palm SⓊⓣP
7KLUG DFFHQWV RI 6FRWODQG DQG VRXWK ZHVW (QJODQG
GLIIHUIURPRWKHUVDJDLQLQFOXGLQJWKHVWDQGDUGWKURXJK
rhoticityLHULVSURQRXQFHGLQDOOV\OODEOHSRVLWLRQV7KH
VWDQGDUGDFFHQWSHUPLWV URQO\ LQSUHYRFDOLFFRQWH[WV
WKXVredUHGDQGveryYHULEXWfarmIⓊⓣPDQG far
IⓊⓣLQZRUG¿QDOSRVLWLRQULVYDULDEO\SURGXFHGLIWKH
IROORZLQJZRUGEHJLQVZLWK D YRZHO WKXV far out IⓊⓣU
a㷚W$¿QDOSRLQWWRQRWHLVWKDWQRWDOOVSHDNHUVIURPD
JLYHQUHJLRQQHFHVVDULO\GLVSOD\WKHVWHUHRW\SLFDOSDWWHUQV
IRU WKH ORFDODFFHQW:H WKHUHIRUH UHSRUW LQ7DEOH WKH
DFWXDOSDWWHUQVXVHGE\RXUVSHDNHUV
Table 1.6SHDNHUV
Participant 
code
Regional 
origin
FOOT = STRUT BATH = TRAP Rhoticity
P1 Yorkshire 9 9 8
P4 South West 8 9 8 
P5 Yorkshire 9 9 8
P6 Yorkshire 9 9 8
P8 Leicester 9 9 8
P9 Edinburgh 8 9 9
F1 (female foil) South West 8 8 9
F2 (female foil) North West 9 9 8
F3 (male foil) London 8 8 8
7KHVSHDNHUVUHDGWKUHHWH[WVHDFKRIDSSUR[LPDWHO\
 ZRUGV (DFK WH[W ZDV UHFRUGHG ¿UVW LQ QRUPDO
YRLFH DQG WKHQ LQ ZKLVSHU7KH ¿UVW WH[W ZDV D VDPSOH
IURP WKHFRVPHWLFFRPSDQ\¶VDGYHUWLVLQJEURFKXUH WKH
VHFRQGDQHZVVWRU\RQDZHOONQRZQ ORFDOFULPHDQG
WKH WKLUG D WHFKQLFDO H[WUDFW IURP DQ HQJLQHHULQJ DQG
WHFKQRORJ\PDJD]LQH7KH UDQJHRI WH[WVZDVGHVLJQHG
WR WHVWZKHWKHU WKHSDUWLFLSDQWVZRXOGEHEHWWHUDEOH WR
LGHQWLI\IDPLOLDUYRLFHVWDONLQJDERXWIDPLOLDULVVXHV7KH
VSHDNHUVDOVRUHDGDOLVWRIVKRUWSKUDVHVWDNHQIURPWKH 
VDPHWH[WV
,QSLORWZRUNZHRULJLQDOO\DVNHGVSHDNHUVWRSURGXFH
DWH[WRIZRUGV+RZHYHUWKLVOHQJWKSURYHGWREHYHU\
VWUHQXRXVIRUWKHVSHDNHUZKHQZKLVSHULQJ:KLVSHULQJ
IRUVXFKDVXVWDLQHGSHULRGOHGWRGLI¿FXOWLHVZLWKEUHDWK
FRQWURO WKHQHHG IRUGHHSDQGDXGLEOH LQEUHDWKV WREH
WDNHQDQGSHULRGVRILQDGYHUWHQWSKRQDWLRQ$VH[DPSOH
RI WKH ODWWHU LV VKRZQDV)LJXUH7KH WH[WVZHUH WKXV
VKRUWHQHGWRZRUGVDOWKRXJKIRUVRPHSDUWLFLSDQWV
HYHQ WKLV SURYHG GLI¿FXOW IRU FRQVLVWHQW ZKLVSHU :H
HQVXUHGVSHDNHUVKDGZDWHUWRKDQGGXULQJWKHUHFRUGLQJV
:HGLVFXVVWKHIRUHQVLFLPSOLFDWLRQVRIWKHVHGLI¿FXOWLHV
EHORZ
Figure 1.:DYHIRUPWRSLQFOXGLQJSXOVHVWRPDUNSHULRGLF
VHFWLRQ DQG VSHFWURJUDP ERWWRP LQFOXGLQJ ) WUDFH RI
WKHSKUDVHE\DVWUDQJHUVKRZLQJEULHISHULRGRISKRQDWLRQ
GXULQJZKLVSHU
7KH UHFRUGLQJV ZHUH PDGH XVLQJ D =RRP +DQG\
5HFRUGHU+GHYLFHVHWDWN+]VDPSOLQJIUHTXHQF\
ZLWK ELW UHVROXWLRQ WR D ZDY ¿OH RXWSXW 5HFRUGLQJ
VHVVLRQV ZHUH KHOG LQ D TXLHW URRP DW WKH FRVPHWLFV
VWRUH 7KH VSHDNHU VDW DSSUR[LPDWHO\  FP IURP WKH
PLFURSKRQH 3DUWLFLSDQWV ZHUH DVNHG WR UHDG WKURXJK
HDFKWH[WEHIRUHUHFRUGLQJEHJDQLQRUGHUWRIDPLOLDULVH
WKHPVHOYHVZLWKLWDQGWRTXHU\DQ\XQIDPLOLDUZRUGV7KH
IRUPDWRIWKHWDVNZDVWKHQGHVFULEHGDQGWKHSDUWLFLSDQWV
ZHUHLQYLWHGWRFRPPHQWRQKRZWKH\ZHUH¿QGLQJWKH
WDVNEHWZHHQUHFRUGLQJV%HIRUH WKH¿UVW UHFRUGLQJ WKH
SDUWLFLSDQWVZHUHHQFRXUDJHGWRSUDFWLFHDORXGµVWDJH¶
ZKLVSHUWRHQVXUHWKDWWKHVLJQDOZDVORXGHQRXJKIRUWKH
GHYLFHWRUHFRUG3DUWLFLSDQWVZHUHWKHQDVNHGWRFRPSOHWH
DEULHIGHPRJUDSKLFTXHVWLRQQDLUH
3.3 Experimental materials
7KHUHFRUGLQJVZHUHHGLWHGYLD6RQ\6RXQG)RUJH
YHUVLRQWRSURYLGHVWLPXOLIRUWKUHHOLVWHQLQJWHVWV
7KHµQRUPDOLVH¶WRROZDVXVHGWRDGMXVWWKHDYHUDJH506
OHYHO ORXGQHVV IRU HDFK VDPSOH WR G% LQ RUGHU WR
RYHUFRPH YDULDWLRQ LQ WKH DPSOLWXGH RI WKH UHFRUGLQJV
6RPHRIWKHZKLVSHUHGVDPSOHVZHUHVRTXLHWWKDWWKH\
ZHUHQRWGHWHFWHGE\WKHGHIDXOWVFDQVHWWLQJV7KHVHZHUH
GXO\DGMXVWHGYLDWKHPHQXRSWLRQµLJQRUHEHORZGE¶WR
HQVXUHWKDWDOOVHFWLRQVZHUHDPSOL¿HGWRG%
7KHGHVLJQVRIHDFKOLVWHQLQJWHVWDUHVXPPDULVHGLQ
7DEOH,Q7HVWWKHVWLPXOLZHUHVKRUWV\OODEOHVDQG
ZKLVSHUHGLQ7HVWWKH\ZHUHDOVRZKLVSHUHGEXWORQJHU
6SHDNHU,GHQWL¿FDWLRQLQ:KLVSHU 9
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V\OODEOHVDQG LQ7HVW WKHVWLPXOLZHUHVKRUWDQG
VSRNHQLQPRGDOYRLFH7KHGHFLVLRQWRZRUNZLWKVWLPXOL
RIWKHVHOHQJWKVZDVEDVHGRQSLORWWHVWLQJWRHQVXUHWKDW
WHVWVZHUHQHLWKHUWRRHDV\QRUWRRGLI¿FXOW7HVWVDQG
FRQVLVWHGRIVWLPXOLVSHDNHUVîH[WUDFWV7HVW
FRPSULVHGVWLPXOLH[WUDFWVSHUVSHDNHUERWKWR
OLPLWWKHRYHUDOOGXUDWLRQRIWKHH[SHULPHQWDQGEHFDXVH
LWZDVSUHGLFWHGWREHDUHODWLYHO\HDV\WDVN7HVWZDV
SUHGLFWHG WR EH WKH PRVW GLI¿FXOW 7HVWV  DQG  ZHUH
SUHGLFWHG WREHDSSUR[LPDWHO\HTXDOO\GLI¿FXOWEHDULQJ
LQPLQGWKHH[SHULPHQWDOFODLPWKDWDURXQGWKUHHWLPHV
WKH GXUDWLRQ RI ZKLVSHUHG PDWHULDO LV UHTXLUHG IRU D
OLVWHQHUWRLGHQWLI\WKHVSHDNHUDVZHOODVLQQRUPDOVSHHFK
32//$&. 3,&.(77 	 680%< 7KH OLVW RI
VWLPXOLLVSURYLGHGLQWKHAppendix
)RU HDFK WHVW WKH VWLPXOL ZHUH HQWHUHG LQ UDQGRP
RUGHU LQWR D 3RZHU3RLQW SUHVHQWDWLRQ 7KH ¿UVW VOLGH
LQIRUPHGWKHSDUWLFLSDQWRIWKHQDWXUHRIWKHWHVWDQGKRZ
LWZDV WREHFRQGXFWHG(DFKVOLGH WKHUHDIWHUFRQWDLQHG
DVSHDNHUQXPEHUVRWKHSDUWLFLSDQWFRXOGQDYLJDWHWKH
DQVZHUVKHHWDQGDVRXQG¿OH)RU7HVWVDQGWKHVKRUW
VDPSOHVDWUDQVFULSWLRQRIZKDWZDVEHLQJVDLGZDVDOVR
LQFOXGHG7KHWHVWVZHUHDXWRPDWHGWRSOD\WKHVRXQG¿OHV
DQGFKDQJHVOLGHVZLWKDQVHFRQGGHOD\EHWZHHQHDFK
VOLGHIROORZLQJ%/$7&+)25'	)28/.(6
Table 2.7HVWGHVLJQV
Test Stimuli length Voice type N stimuli
Approx. 
test duration
1 short (4 syllables) whispered 108 17 minutes
2 long (16 syllables) whispered 27 5 minutes
3 short (4 syllables) modal 108 17 minutes
3.4  Listeners
7HQRIWKHZRPHQIURPWKHVRFLDOJURXSH[FOXGLQJ
WKHDXWKRU IRUREYLRXVUHDVRQVDFWHGDV OLVWHQHUV IRUD
VHULHVRIWKUHHFORVHGVHWWHVWV
3.5  Listening tests
7KH WKUHH WHVWV ZHUH SUHVHQWHG LQ WKH VDPH RUGHU 
WRDOOOLVWHQHUVEHFDXVHRIWKHSUHGLFWHGGLIIHUHQFH
LQ GLI¿FXOW\ DQG SRWHQWLDO OHDUQLQJ HIIHFWV DV WKH
H[SHULPHQWSURJUHVVHG
/LVWHQLQJWHVWVZHUHSUHVHQWHGLQVHTXHQFHLQDTXLHW
URRP DW WKH KRPH RI WKH OLVWHQHU RU H[SHULPHQWHU7KH
3RZHU3RLQW¿OHVZHUHSUHVHQWHGWKURXJKDQ$FHU$VSLUH
 ODSWRS DQG 6HQQKHLVHU +'  3UR KHDGSKRQHV
/LVWHQHUVZHUHJLYHQSDSHUTXHVWLRQQDLUHVWRUHFRUGWKHLU
MXGJPHQWVRIWKHVSHDNHUVLQWKHWHVWV7KHTXHVWLRQQDLUHV
RIIHUHGDFORVHGVHWRIFDQGLGDWHVLHWKHQDPHVRIWKHVL[
SRWHQWLDOVSHDNHUVIURPWKHJURXSSOXVDVHYHQWKRSWLRQ
RIµVWUDQJHU¶/LVWHQHUVZHUHDVNHGWRSODFHDWLFNLQWKH
DSSURSULDWH ER[RQ WKH DQVZHU VKHHW7KH\ZHUH DVNHG
WRSURYLGHDQDQVZHU IRU HDFKYRLFH DQG WROG WKDW WKH\
ZRXOGKHDUHDFKVDPSOHRQO\RQFH7KHH[SHULPHQWODVWHG
DURXQGPLQXWHVLQWRWDO
3.6  Statistical analysis
:HXVHGORJLVWLFPL[HGHIIHFWVUHJUHVVLRQ-$(*(5
 WR HYDOXDWH RXU ¿QGLQJV VWDWLVWLFDOO\ :KLOH
WUDGLWLRQDO UHJUHVVLRQ PRGHOV RQO\ LQFRUSRUDWH ¿[HG
effects FDSWXULQJ V\VWHPDWLF RU SODQQHG FRQWUDVWV DQG
GLIIHUHQFHVPL[HGHIIHFWVPRGHOVDOVRLQFOXGHrandom 
effectsZKLFKDOORZWKHPRGHOWRFDSWXUHUDQGRPYDULDWLRQ
DFURVVLQGLYLGXDOVLWHPVRUGLIIHUHQWOHYHOVRIVRPHRWKHU
JURXSLQJIDFWRU2XUPRGHOVDUHlogisticUHJUHVVLRQPRGHO
ZKLFKPHDQVWKDWWKH\PRGHOWKHSUREDELOLW\RIDJLYHQ
HYHQW DV D IXQFWLRQ RI ¿[HG DQG UDQGRP SUHGLFWRUV ,Q
WKHFXUUHQWFDVHWKLVHYHQW±RUWKHRXWFRPHYDULDEOH±LV
FRUUHFWLGHQWL¿FDWLRQ
:H LQFOXGHG WKH IROORZLQJ ¿[HG HIIHFWV LQ RXU
PRGHOV
 WHVWshort whisperedYVlong whisperedYVshort 
normal
 W\SHRIWULDOin group YVfoil
 WH[WcosmeticYVlocal crimeYVtechnical
 VDPHVSHDNHUOLVWHQHUsameYVdifferentZKHWKHU 
WKHOLVWHQHUMXGJHGDVDPSOHSURGXFHGE\KHUVHOI
RUE\DGLIIHUHQWVSHDNHU
 RUGHUDQLQWHJHUEHWZHHQWKHSRVLWLRQRI
WKHH[SHULPHQWDOVWLPXOXVZLWKLQDJLYHQWHVW
$V IRU WKH ODVWSUHGLFWRU WKHHIIHFWRISUHVHQWDWLRQ
RUGHULVWHVWHGLQDVHSDUDWHPRGHOWKDWRQO\LQFOXGHGWKH
short whispered and short normaOFRQGLWLRQVEXWQRWWKH
long whisperedFRQGLWLRQ7KLVLVEHFDXVHWKHIRUPHUWZR
WHVWVERWKLQFOXGHGVWLPXOLZKLOHWKHlong whispered 
FRQGLWLRQRQO\LQFOXGHGVWLPXOLZKLFKPHDQVWKDWLWLV
QRWHDVLO\FRPSDUDEOHZLWKWKHRWKHUFRQGLWLRQV
:H DOVR LQFOXGHG WZR VHWV RI UDQGRP intercepts
ZKLFK FDSWXUH RYHUDOO GLIIHUHQFHV LQ LGHQWL¿FDWLRQ
DFFXUDF\DFURVVVSHDNHUVDQG OLVWHQHUVDQG WZRVHWVRI
UDQGRP slopes ZKLFK FDSWXUH SRWHQWLDO GLIIHUHQFHV LQ
WKH LQÀXHQFH RI test RQ LGHQWL¿FDWLRQ DFFXUDF\ DFURVV
VSHDNHUVDQGOLVWHQHUV
,QRUGHUWRWHVWWKHVLJQL¿FDQFHRIRXU¿[HGHIIHFWV
ZHSHUIRUPHGPRGHOFRPSDULVRQVEHWZHHQDIXOOPRGHO
LQFOXGLQJDOO WHUPVDQGDQHVWHGPRGHOZKHUHWKH¿[HG
HIIHFWRILQWHUHVWLVH[FOXGHGVHHHJ6(<)$57+
:HXVHGOLNHOLKRRGUDWLRWHVWVWRHYDOXDWHZKHWKHUWKHIXOO
PRGHO\LHOGHGDEHWWHU¿WWKDQWKHQHVWHGRQHV,QDGGLWLRQ
ZHSHUIRUPHGSRVWKRFSDLUZLVHFRPSDULVRQVDPRQJWKH
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WHVWFRQGLWLRQVXVLQJWKH%RQIHUURQL+ROPFRUUHFWLRQIRU
PXOWLSOHFRPSDULVRQV
1RWH WKDW WKHPDOHVSHDNHUZDVH[FOXGHGIURPWKH
VWDWLVWLFDODQDO\VLVDVOLVWHQHUVZHUHQHDUO\DFFXUDWH
DWLGHQWLI\LQJWKLVYRLFHUHJDUGOHVVRIRWKHUYDULDEOHV
4 Results
4.1 Overall descriptive results
7DEOHVXPPDULVHVWKHRYHUDOOSHUIRUPDQFHRIWKH
OLVWHQHUV LQ WKH WKUHH WHVWV$VSUHGLFWHG7HVW  SURYHG
WKHPRVWGLI¿FXOWFRUUHFWUHVSRQVHVIRUDOOYRLFHV
IRUIDPLOLDUYRLFHV,GHQWL¿FDWLRQUDWHVZHUHKLJKHU
LQ7HVWDQGVOLJKWO\KLJKHUDJDLQ LQ7HVWDQG
UHVSHFWLYHO\IRUIDPLOLDUYRLFHV7KHPDOHIRLOZDV
UHMHFWHGDOPRVWZLWKRXWIDLOOLVWHQHUVRQO\IDLOHGWRUHMHFW
KLPDVDVWUDQJHULQRIWKHWULDOVERWKLQ7HVW
/LVWHQHUVVWUXJJOHGKRZHYHUWRUHMHFWWKHIHPDOHIRLOVLQ
DOOWKUHHWHVWV
Table 3.&RUUHFWLGHQWL¿FDWLRQE\WHVWDQGVSHDNHUFDWHJRU\
DYHUDJHFRUUHFWVWGHYLQSDUHQWKHVHV
Voice category
Test 1 
short whisper
Test 2 
long whisper
Test 3 
short normal
all 64.1 (30.2) 76.7 (28.5) 81.0 (26.2)
familiar 71.1 (24.0) 87.2 (17.6) 92.8 (6.3)
female foils 25.8 (2.4) 33.3 (0) 36.3 (8.8)
male foil 98.3 (0.4) 100 (0) 100 (0)
4.2  Statistical analysis
2XU ¿UVW IXOO PRGHO IRFXVHV RQ GLIIHUHQFHV LQ
LGHQWL¿FDWLRQ DFFXUDF\ DFURVV WKH WKUHH WHVW FRQGLWLRQV
7KHGHSHQGHQWYDULDEOHZDVUHVSRQVHDELQDU\YDULDEOH
FRUUHFWLQFRUUHFW 7KLV PRGHO LQFOXGHG test W\SH RI
trial text and same speaker-listener DV ¿[HG HIIHFWV
DQGDOO WKHUDQGRPHIIHFWVGHVFULEHGLQVHFWLRQ:H
DOVR FRGHG VHSDUDWHO\ WKRVH WRNHQV ZKHUH WKH OLVWHQHU
ZDVSUHVHQWHGZLWKUHFRUGLQJVRIKHURZQYRLFHsame 
speaker-listener VLQFH LW LV ZHOO NQRZQ WKDW OLVWHQHUV
RIWHQ¿QG LGHQWLI\LQJ WKHLURZQYRLFHGLI¿FXOW7DEOH
SUHVHQWVDVXPPDU\RIWKH¿[HGHIIHFWV
$V WKH PRGHO VXPPDU\ VKRZV RQO\ WKH HIIHFW RI
test LV VLJQL¿FDQW LQ WKLV PRGHO 3RVWKRF FRPSDULVRQV
EDVHGRQ:DOGWHVWVZLWK%RQIHUURQL+ROPFRUUHFWLRQIRU
PXOWLSOH FRPSDULVRQV VKRZ WKDW LGHQWL¿FDWLRQDFFXUDF\
LV VLJQL¿FDQWO\ KLJKHU IRU ORQJ ZKLVSHU WKDQ IRU VKRUW
ZKLVSHUlong whisper±short whisper 6( 
z    p    DQG DOVR VLJQL¿FDQWO\ KLJKHU IRU
VKRUWQRUPDOVSHHFKWKDQIRUVKRUWZKLVSHUshort normal 
±short whisper 6( z p 
7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQORQJZKLVSHU
DQGVKRUWQRUPDOVSHHFKshort normal±short whisper = 
6( z p 7KHVH¿QGLQJVDUH
VXPPDULVHGLQ)LJXUHZKLFKVKRZVSUHGLFWLRQVIURP
WKHUHJUHVVLRQPRGHODVSUREDELOLWLHV
Table 4.6XPPDU\IRUDORJLVWLFUHJUHVVLRQPRGHOLQFOXGLQJ
DOO WKUHH WHVWFRQGLWLRQVDQG WKHSUHGLFWRUVtest, type of 
trial, text and same speaker-listener
Term ESTIMATE Ȥ² DF p (Ȥ²)
test = long whispered 1.34 7.56 2 0.029
test = short normal 1.86   
type of trial = in group 1.97 2.97 1 0.084
text = local crime 0.07 3.87 2 0.145
text = technical 0.20   
same speaker-
listener = same
0.13 0.37 1 0.542
Note:7KHHVWLPDWHVUHSUHVHQWFRPSDULVRQVDJDLQVWDUHIHUHQFHYDOXHVKRUW
ZKLVSHUHG IRUtest, IRLO IRUtype of trial, FRVPHWLF IRUtext and GLIIHUHQW IRU
same speaker-listener7KHȤðYDOXHVGHJUHHVRIIUHHGRPDQGSYDOXHVDUH
WDNHQIURPOLNHOLKRRGUDWLRWHVWVWKDWFRPSDUHWKHIXOOPRGHODJDLQVWDQHVWHG
PRGHOZLWK WKHUHOHYDQWSUHGLFWRU UHPRYHG6LQFHHDFKSUHGLFWRU LV UHPRYHG
DVDZKROHQRWYDOXHE\YDOXHRQO\DVLQJOHVHWRI¿JXUHVLVVKRZQIRUHDFK
SUHGLFWRUHYHQZKHQLWKDVPRUHWKDQDVLQJOHFRUUHVSRQGLQJHVWLPDWH
Figure 2. 0RGHO SUHGLFWLRQV VROLG GRWV DORQJ ZLWK
 FRQ¿GHQFH LQWHUYDOV YHUWLFDO OLQHV DFURVV GLIIHUHQW
WHVW FRQGLWLRQV DQG WKH UHVXOWV RI SRVWKRF FRPSDULVRQV
KRUL]RQWDOFRQQHFWRUVDQGSYDOXHV
1RWHWKDWW\SHRIWULDOZDVQRWVLJQL¿FDQWDWWKH
OHYHOLQWKLVPRGHO7KLVLVOLNHO\EHFDXVHWKLVSUHGLFWRU
RQO\YDULHVDFURVVVSHDNHUVQRWZLWKLQ WKHPDQG WKHUH
ZHUHRQO\GLIIHUHQWVSHDNHUVRIZKRPMXVW WZRZHUH
in the foil JURXS $OWKRXJK WKH HVWLPDWHG GLIIHUHQFH
EHWZHHQIRLOVDQGVSHDNHUVIURPWKHJURXSLVODUJH
LQ7DEOHDQGFIWKHUDZGDWDVKRZQLQ7DEOHLWLV
QRWFOHDUZKHWKHUZHFDQPDNHDUHOLDEOHJHQHUDOLVDWLRQ
IURPVXFKDVPDOOVDPSOH7KHUHODWLYHO\KLJKpYDOXHIRU
WKLVSUHGLFWRUp UHÀHFWVWKHPRGHO¶VXQFHUWDLQW\
DERXWWKHJHQHUDOLVDELOLW\RIWKLVHVWLPDWH
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6LQFH VLJQL¿FDQFH WHVWLQJ RI UDQGRP HIIHFWV LV D
FRQWURYHUVLDO DUHD HJ +85/%(57  ZH GR
QRW UHSRUW VLJQL¿FDQFH YDOXHV IRU GLIIHUHQFHV DFURVV
OLVWHQHUV RU VSHDNHUV +RZHYHU WKH HVWLPDWHV RI WKH
UDQGRP YDULDQFH FRPSRQHQWV DOORZ XV WR FDOFXODWH WKH
UDQJHV ZLWKLQ ZKLFK WKH OLVWHQHU DQG VSHDNHUVSHFL¿F
LGHQWL¿FDWLRQDFFXUDFLHVDUHSUHGLFWHGWRYDU\,QWXUQWKLV
HQDEOHVXVWRFRPSDUHWKHUHODWLYHLPSRUWDQFHRIWKHVHWZR
JURXSLQJIDFWRUV7KXVWKHPRGHOSUHGLFWVWKDWWKHDYHUDJH
DFFXUDF\YDOXHVIRUGLIIHUHQWOLVWHQHUVLQWKHVKRUWZKLVSHU
FRQGLWLRQZLOOYDU\EHWZHHQWKLVFRUUHVSRQGVWR
DSUHGLFWLYHLQWHUYDOWKHDYHUDJHDFFXUDF\YDOXHV
IRU GLIIHUHQW VSHDNHUV LQ WKH VDPH FRQGLWLRQ ZLOO YDU\
EHWZHHQ  HYHQ DIWHU ZH FRQWURO IRU GLIIHUHQFHV
EHWZHHQIRLOVDQGZLWKLQJURXSVDPSOHV,QRWKHUZRUGV
WKHLGHQWLW\RIWKHVSHDNHUZKRSURGXFHGDJLYHQVDPSOH
KDVDPXFKVWURQJHULQÀXHQFHRQLGHQWL¿FDWLRQDFFXUDF\
WKDQWKHLGHQWLW\RIWKHOLVWHQHU%RWKRIWKHVHHVWLPDWHV
DUHEDVHGRQUHODWLYHO\VPDOOVDPSOHVDQGDUHVHQVLWLYHWR
RXWOLHUVZKLFKPHDQVWKDWWKH\VKRXOGEHWUHDWHGZLWKD
FHUWDLQDPRXQWRIFDXWLRQ
)RU WKHVDNHRIH[SRVLWLRQZHSUHVHQW UDZGDWDE\
OLVWHQHUDQGVSHDNHULQ)LJXUHVDQG
Figure 3: 5HVXOWVE\OLVWHQHUIDPLOLDUYRLFHVRQO\
Figure 4.5HVXOWVE\VSHDNHUIDPLOLDUYRLFHVRQO\
)LJXUH  VKRZV WKH UDQJH LQ OLVWHQHU SHUIRUPDQFH
DFURVV WHVWV ,W DOVR VKRZV WKDW WKH VDPH WUHQG IRU
LPSURYHPHQWDFURVV WHVWV LV DSSDUHQW IRUPRVW OLVWHQHUV
1RWHWKDWWKHRQO\SHUIHFWSHUIRUPDQFHZDVIURPOLVWHQHU
 LQ WHVW  )LJXUH  VXSSRUWV WKH FRQFOXVLRQ IURP WKH
VWDWLVWLFDODQDO\VLVWKDWWKHUHLVJUHDWHUYDULDWLRQE\VSHDNHU
,QSDUWLFXODUVSHDNHUZKRZDVLQIDFWWKH¿UVWDXWKRUDQG
H[SHULPHQWHUZDVLGHQWL¿HGOHDVWZHOOLQDOO WKUHHWHVWV
DQGZDVSDUWLFXODUO\SRRUO\LGHQWL¿HGLQWKHVKRUWZKLVSHU
FRQGLWLRQ2QHRIWKHIRLOVZKRVKDUHGWKHVDPHUHJLRQDO
DFFHQWZDVUHJXODUO\PLVLGHQWL¿HGDVVSHDNHU
,PSURYHPHQWDFURVVWHVWVZDVFOHDULQUHVSHFWRIDOO
YRLFHVDOWKRXJKVRPHZHUHDSSURDFKLQJFHLOLQJLQWHVWV
DQG7KUHHVSHDNHUVZHUHLGHQWL¿HGSHUIHFWO\LQWHVW
DQGWZRRIWKRVHDQGZHUHDOVRLGHQWL¿HGSHUIHFWO\
LQWHVW2QHRIWKHVHZDVHYHQLGHQWL¿HGH[WUHPHO\
ZHOOLQWKHVKRUWZKLVSHUFRQGLWLRQ7KXVZHFDQFRQFOXGH
WKDWFHUWDLQYRLFHVDUHPRUHDQGOHVVGLI¿FXOWWRLGHQWLI\
UHODWLYHWRWKLVJURXS
$VHFRQGUHJUHVVLRQPRGHOZDV¿WWRWKHGDWDWRWHVW
IRURUGHURISUHVHQWDWLRQHIIHFWV7KLVPRGHOLQFOXGHVDOO
RIWKH¿[HGDQGUDQGRPHIIHFWVIURPWKHSUHYLRXVPRGHO
DVZHOO DVorder DQGDQ LQWHUDFWLRQEHWZHHQorder and 
testZKLFKFDSWXUHVSRWHQWLDOGLIIHUHQFHVLQRUGHUHIIHFWV
EHWZHHQFRQGLWLRQV$VH[SODLQHGLQVHFWLRQRQO\WKH
short whisper and short normalFRQGLWLRQVZHUHWHVWHGLQ
WKLVPRGHO6LQFHWKHHVWLPDWHVIRUWKHSUHGLFWRUVWKDWZHUH
DOVRLQFOXGHGLQWKHSUHYLRXVPRGHODUHODUJHO\XQFKDQJHG
ZH GR QRW SUHVHQW D VHSDUDWH VXPPDU\ IRU WKLV PRGHO
7KH HIIHFW RIorder KDV D VLJQL¿FDQW SRVLWLYH HIIHFW RQ
LGHQWL¿FDWLRQDFFXUDF\HVWLPDWH Ȥð GI  
p  ZKLFK VXJJHVWV WKDW OLVWHQHUV¶ SHUIRUPDQFH
LPSURYHGDVWKH\JRWDFFXVWRPHGWRWKHWDVN7KHLQWHUDFWLRQ
EHWZHHQRUGHUDQGWHVWLVQRWVLJQL¿FDQWHVWLPDWH 
Ȥð GI p 7KXVZHFDQLQIHUWKDW
OLVWHQHUVLPSURYHGDVERWKWHVWVSURJUHVVHG)LJXUHVKRZV
PRGHOSUHGLFWLRQVDVDIXQFWLRQRIRUGHUODEHOOHG³SRVLWLRQ
LQH[SHULPHQW´LQWKHJUDSKDQGWHVWFRQGLWLRQ
Figure 5. 0RGHO SUHGLFWLRQV DV D IXQFWLRQ RI SRVLWLRQ LQ
H[SHULPHQWorderVKRZQDORQJWKHKRUL]RQWDOD[LVDQG
testFRQGLWLRQEOXH VKRUWZKLVSHUHGUHG VKRUWQRUPDO
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7KH LQFUHDVH LQ LGHQWL¿FDWLRQ DFFXUDF\ VHHPV IDU
JUHDWHU LQ WKH VKRUW ZKLVSHUHG FRQGLWLRQ WKDQ LQ WKH
VKRUWQRUPDO FRQGLWLRQZKLFKPD\PDNH WKH ODFNRI D
VLJQL¿FDQWLQWHUDFWLRQVHHPVXUSULVLQJ+RZHYHUWKLVLV
VLPSO\DQDUWHIDFWRIWKHVFDOHFKRVHQIRUWKHYHUWLFDOD[LV
WKHPRGHOSUHGLFWLRQVDUHSORWWHGDVSHUFHQWDJHVZKLOH
WKHDFWXDOPRGHOHVWLPDWHVZKLFKVHUYHDV WKHEDVLVRI
WKH VLJQL¿FDQFH YDOXHV DUH FDOFXODWHG LQ ORJLWV ZKHQ
YLHZHG RQ WKH ORJLW VFDOH WKH GLIIHUHQFH EHWZHHQ WKH
VORSHVRIWKHWZROLQHVLVVPDOOHU)URPWKHSHUVSHFWLYH
RIDORJLVWLFPRGHODVPDOOLQFUHDVHLQSUREDELOLW\QHDU
WKH FHLOLQJ RI SUREDELOLW\ YDOXHV ZKHUH WKHUH LV OLWWOH
URRPIRUIXUWKHU LQFUHDVH LVPRUHRU OHVVHTXLYDOHQW WR
DPXFKODUJHULQFUHDVHLQSUREDELOLW\QHDUWKHPLGGOHRI
WKHSUREDELOLW\VFDOHZKHUHWKHUHLVSOHQW\RIURRPIRU
LQFUHDVHGHFUHDVH 7KLV VKRXOG QRW SUHFOXGH XV IURP
FRQFOXGLQJWKDWWKHLPSURYHPHQWLQWKHVKRUWZKLVSHUHG
FRQGLWLRQVHHPVPRUHSURQRXQFHG±DWOHDVWZKHQYLHZHG
LQWKHIRUPRIUDZSUREDELOLWLHV
5 Discussion and conclusion
3HUKDSV RQH RI WKH PRVW VXUSULVLQJ ¿QGLQJV LV WKH
KLJKRYHUDOOLGHQWL¿FDWLRQUDWHHYHQLQ7HVWFRUUHFW
RYHUDOODQGLGHQWL¿FDWLRQRI IDPLOLDUYRLFHV7KLV
LVZHOODERYHFKDQFHDURXQGWDNLQJDFFRXQWRIDOO
VHYHQUHVSRQVHRSWLRQV7KLVLVLPSUHVVLYHFRQVLGHULQJ
WKDWWKHVWLPXOLLQWHVWFRQVLVWHGRIMXVWIRXUV\OODEOHV
DQGODVWHGDSSUR[LPDWHO\KDOIDVHFRQGHDFK+RZHYHU
OLVWHQHUV PDGH HUURUV LQ LGHQWLI\LQJ IDPLOLDU YRLFHV LQ
DOOEXWRQHRI WKH WHVWV )LJXUH ,W LV LPSRUWDQW WR
UHLWHUDWH WKH FRQFOXVLRQ RI SUHYLRXV H[SHULPHQWV HJ
/$'()2*(' 	 /$'()2*('  )28/.(6 	
%$5521 <$50(< HW DO  WKDW VSHDNHU
LGHQWL¿FDWLRQ LV FHUWDLQO\ QRW DXWRPDWLF RU QHFHVVDULO\
VWUDLJKWIRUZDUG ,W LV FRPPRQSODFH DPRQJ WKH JHQHUDO
SXEOLF DQG RIWHQ DVVXPHG RU DOOHJHG LQ FRXUW WKDW D
ZLWQHVV LV LQIDOOLEOH ZKHQ LW FRPHV WR UHFRJQLVLQJ WKH
YRLFH RI VRPHRQH WKH\ NQRZ ZHOO7KLV LV D P\WK WKDW
QHHGV WR EH GLVSHOOHG$OO OLVWHQHUV PDNH HUURUV HYHQ
ZLWKWKHYRLFHVRIWKHLUFORVHVWIDPLO\0DQ\IDFWRUVFDQ
DIIHFWYRLFHLGHQWL¿FDWLRQDWDJLYHQLQVWDQFH,WLVHTXDOO\
HVVHQWLDOWKDWZHGRQRWFDVXDOO\H[WUDSRODWHH[SHULPHQWDO
UHVXOWVWRUHDOOLIHVFHQDULRV6RPHYRLFHVDUHHDVLHUWKDQ
RWKHUV ZKLOH VRPH OLVWHQHUV DUH EHWWHU WKDQ RWKHUV DQG
FDQ LGHQWLI\ D YRLFH YHU\ ZHOO HYHQ XQGHU YHU\ WHVWLQJ
FRQGLWLRQV$JDLQWKLV¿QGLQJPLUURUVWKRVHRISUHYLRXV
H[SHULPHQWV 'HVSLWH WKH VKRUW VDPSOHV LW VHHPV OLNHO\
WKDW FHUWDLQ YRLFHV ZHUH UHDGLO\ LGHQWL¿HG EHFDXVH RI
WKHLUGLVWLQFWLYHDFFHQWIHDWXUHVUHODWLYHWRWKLVSDUWLFXODU
JURXS FI )28/.(6 	 %$5521  QRWDEO\
WKHRQH6FRWWLVKVSHDNHUVSHDNHU,QDIRUHQVLFFDVH
LQYROYLQJDZLWQHVVWRDYRLFHLWLVWKHUHIRUHLPSHUDWLYH
WR FRQVLGHU LQ GHWDLO WKH IDFWV RI WKH FDVH DQG WR DVN
WKH ZLWQHVV WR XQGHUJR IRUPDO WHVWLQJ LI DSSURSULDWH 
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
7KHLGHQWL¿FDWLRQUDWHVLQRXUH[SHULPHQWVPLJKWLQ
SDUWEHVRKLJKEHFDXVHRIWKHRSWLPDOFRQGLWLRQVXQGHU
ZKLFK OLVWHQHUV KHDUG WKH YRLFHV WKH UHFRUGLQJV ZHUH
FOHDUDQGLQYROYHGµVWDJHZKLVSHU¶DQGWKH\ZHUHKHDUG
WKURXJKKLJKTXDOLW\KHDGSKRQHVLQDUHOD[HGVHWWLQJ,Q
RWKHU ZRUGV WKH H[SHULPHQWDO UHVXOWV PLJKW QRW UHÀHFW
WKHZD\LQZKLFKZKLVSHULVHQFRXQWHUHGDVDGLVJXLVHLQ
IRUHQVLFFDVHVZKHUHWKHGLVJXLVHPLJKWEHVWUHQJWKHQHG
WKURXJKORZYROXPHRUDGGLWLRQDOYRLFHTXDOLW\IHDWXUHV
DQGIXUWKHUGHJUDGHGLIWUDQVPLWWHGWKURXJKDWHOHSKRQH
OLQHDQGRUKHDUGLQFRQGLWLRQVRIHPRWLRQRUVWUHVV
$VSUHGLFWHG7HVWSURYHGPRUHGLI¿FXOWWKDQWKH
RWKHUWZRWHVWV7KLV¿QGLQJLVOLQHZLWKWKRVHRI<DUPH\
HWDODQG%DUWOH	'HOOZR:HWHQWDWLYHO\
SUHGLFWHG OLWWOHRUQRGLIIHUHQFHEHWZHHQ7HVWVDQG
EDVHGRQ3ROODFN3LFNHWW	6XPE\DQGLQGHHGWKLV
SUHGLFWLRQZDVERUQHRXW7KHORQJHUZKLVSHUHGVDPSOHV
LQ7HVW\LHOGHGLGHQWL¿FDWLRQUDWHVVOLJKWO\ORZHUEXWQRW
VLJQL¿FDQWO\VRWKDQWKRVHRIWKHVKRUWQRUPDOVDPSOHVLQ
7HVW,WDOVRDSSHDUVWKDWOLVWHQHUVLPSURYHGWKURXJKRXW
7HVWVDQGVXJJHVWLQJWKDWPRUHPDWHULDODVVLVWHGWKHP
LQLGHQWLI\LQJWKHVSHDNHUVUHODWLYHWRHDFKRWKHU
7KHPDOHIRLOZDVUHMHFWHGZLWKDOPRVWQRWURXEOH
FRQ¿UPLQJWKDWEURDGYRFDOWUDFWUHVRQDQFHFKDUDFWHULVWLFV
DUHUREXVW WR ORVVRISKRQDWLRQ6&+:$57=	5,1(
 /$66 HW DO  12/$1  +RZHYHU
OLVWHQHUVVWUXJJOHG WRUHMHFW WKHIHPDOHIRLOV LQDOO WKUHH
WHVWV <DUPH\ HW DO  DOVR UHSRUW D KLJK UDWH RI
IDOVH KLWV LH XQIDPLOLDU YRLFHV ZURQJO\ DWWULEXWHG WR
IDPLOLDU VSHDNHUV$OWKRXJKZHKHVLWDWH WRFRQ¿UP WKLV
SDWWHUQVWDWLVWLFDOO\LWGRHVVHHPWKDWWKHWUHQGLQFDVHVRI
ZKLVSHULVWKDWXQNQRZQVSHDNHUVDUHZURQJO\LGHQWL¿HG
DVVRPHRQHNQRZQWRWKHOLVWHQHUPRUHRIWHQWKDQIDPLOLDU
VSHDNHUVDUHQRWLGHQWL¿HG3HUKDSVWKLVWUHQGDSSOLHVWR
YRLFHGLVJXLVHPRUHJHQHUDOO\7KHIRUHQVLFLPSOLFDWLRQ
RI VXFKD¿QGLQJ LV WKDWFRXUWV VKRXOGH[HUFLVHFDXWLRQ
RYHUWKHWHVWLPRQ\RIDQ\HDUZLWQHVVEXWHVSHFLDOO\VRLI
WKHDFFXVHGLVVRPHRQHIDPLOLDUWRWKHZLWQHVV
7KH ¿QDO REVHUYDWLRQ ZRUWK UHSHDWLQJ KHUH LV WKDW
WKH VSHDNHUV IRXQG LW GLI¿FXOW WR PDLQWDLQ ZKLVSHU
EH\RQGDERXWVHFRQGV*LFNHWDOSQRWH
KRZ TXLFNO\ D VSHDNHU ZLOO UXQ RXW RI DLU LQ ZKLVSHU
6HYHUDO VSHDNHUV DOVR ODSVHG LQWR YHU\ EULHI SHULRGV RI
SKRQDWLRQ)LJXUH7KHSDUWLDOJORWWDOFORVXUHDQGKLJK
DLUÀRZ SUREDEO\ H[SODLQV ZK\ SKRQDWLRQ PD\ RFFXU
LQDGYHUWHQWO\/$9(57KHLPSOLFDWLRQIRU
RQJRLQJIRUHQVLFFDVHVLVFOHDULISRVVLEOHWU\WRNHHSD
ZKLVSHULQJSHUSHWUDWRUWDONLQJ+LVGLVJXLVHZLOOSUREDEO\
IDLOIURPWLPHWRWLPHPDNLQJLGHQWL¿FDWLRQRIDIDPLOLDU
YRLFHHYHQPRUHOLNHO\
6SHDNHU,GHQWL¿FDWLRQLQ:KLVSHU 13
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7RFRQFOXGHZHKDYHSUHVHQWHGH[SHULPHQWDOGDWD
WR WHVW WKHSHUIRUPDQFHRI OLVWHQHUVKHDULQJZKLVSHU LQ
FRPSDULVRQZLWKQRUPDO VSHHFK7KH VWXG\ DV DZKROH
LOOXVWUDWHV KRZ VRFLRSKRQHWLF PHWKRGV DQG UHVRXUFHV
FDQEHDSSOLHG LQ WKH IRUHQVLFGRPDLQ ,WDOVRFRQ¿UPV
WKHYDOXHRI LQYHVWLJDWLQJ VSHDNLQJDQG OLVWHQLQJXQGHU
FLUFXPVWDQFHVQRWW\SLFDOLQODERUDWRU\RU¿HOGVWXGLHV7KH
SURGXFWLRQXQGHUVWDQGLQJDQGFRJQLWLYHUHSUHVHQWDWLRQRI
SKRQHWLFGHWDLOLQWKHIXOOUHSHUWRLUHRIKXPDQH[SHULHQFH
LVDULFKDQGFRPSOH[EXWUHZDUGLQJ¿HOGRIHQTXLU\
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Appendix
List of items used as stimuli
Long samples  16 syllables  :HEHOLHYHLQORQJFDQGOHOLWEDWKVVKDULQJVKRZHUVDQGPDVVDJH
    6KHVHQWKHUODVWWH[WPHVVDJHDIHZPLQXWHVODWHUWRDIULHQG
    XOWUDKLJKIUHTXHQF\GHYLFHWKDWLVLQWKHWHUDKHUW]UDQJH
Short samples  4 syllables  IUXLW\SURGXFWV
  FDQGOHOLWEDWKV
  \RX¶YHEHHQPDQJRHG
  ,ORYHMXLF\
  ODWHUWKDWZHHN
  DQDFTXDLQWDQFH
  LQJRRGVSLULWV
  E\DVWUDQJHU
  FDUERQDWRP
  WHUDKHUW]UDQJH
  RVFLOODWRU
  D3HQWLXP
5HFHELGRGHVHWHPEURGH
$SURYDGRGHPDUoRGH
&RQWDWRVPDUWRQVRVNXWK\#\RUNDFXN 
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